Abstract: A semiconductor multi-mode interference photonic switch with partial indexmodulation regions (MIPS-P) was fabricated, and we demonstrated high-speed switching operation in a switching time of about 1.5ns, for the first time, at a repetition rate of 1OMHz. © 2006 Optical Society of America 1. Introduction As internet traffic has being explosively growing in recent years, advanced photonic networks have become highly spotlighted. In order to implement such networks, optical cross connect (OXC) technology is very important, and micro-electromechanical system (MEMS) optical switches and so on have been developed to route high-speed optical signals without conversion to electric ones. The typical switching times of these optical switches are in the order of mili-second (ms) or sub ms, which are only effective for transferring stream optical signals. However, to meet the demand for transferring and routing burst and packet optical signals, which need much higher switching speed in nano-second (ns) order, development of high-speed optical switches is definitely required. For this purpose, we proposed a semiconductor multi-mode interference photonic switch with partial-index modulation regions (MIPS-P) [1]-[4] which operates by current injection via plasma effect and can be expected to exhibit high-speed switching with nsorder response time. As for the material aspect, the MIPS-P using InGaAsP/InP has been investigated so far [3]-[4], but it gave poor carrier confinement due to rather small hetero-barrier height energy of the conduction band rendering larger
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[ The length and width of the MMI waveguide were 1440,um and 12.5,um, respectively, the length and width of the partial index-modulation region were 150/100,m and 3.5,um, respectively, a width of the access waveguide was 2.5,um, and a total device length was about 2.5mm. The waveguide was a ridge structure. The waveguide was fabricated by conventional photolithography and successive reactive ion etchings using CH4/H2 and C12 gases, respectively. The operation principle of the MIPS-P has been explained so far [2] . An appropriate current injection into the partial index-modulation region giving the phase shift 2t to the propagating light can switch the output light from the straight port, otherwise from the cross port, since the MMI waveguide length is chosen to be L=3LU [5] . Fig.3 . Output lightl Fig.3 . Output light waveforms from the cross port under modulation of l0MHz waveforms from the cross port under modulation of 10MHz pulses to the index-modulation region with a repetition rate of 10MHz and a duty ratio of 50%. The rise and fall times of the applied voltage pulse were 2.6ns and 3.Ons, respectively. The index-modulation region length was made shorter to be 100,um in this case for lower crosstalk under modulation, as mentioned above. The output light waveforms from the cross port are shown in Fig.3 . The fall and rise times of the switched output light were as small as 1.5ns. It is noted that the rise of the applied voltage corresponds to the fall of the output light, and vice versa due to the output measured from the cross port. Smaller response times of the output light compared to those of the applied voltage are attributed to that the measured voltage waveform included diffusion voltage component of about 1V. A response time determined by RC-time constant roughly estimated by the index-modulation region area and the series resistance of about 40U.was much smaller than the measured ones. From this reason, the measured switching speed seems to be limited by carrier lifetime.
Conclusions
We fabricated the MIPS-P with InAlGaAs/InAlAs which has large hetero-barrier height of conduction band for improving carrier confinement and resultant large refractive index change. As a result, we realized superior optical switching with a small current of 24mA and low crosstalk of -24dB and -15dB without and with modulations, respectively. Fast switching with switching times of as small as 1.5ns was confirmed. These results indicate that the MIPS-P is expected as a high-speed optical switch in the future ultra-fast burst and packet photonic switching networks.
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